We report the findings of the analysis of 75 different nutritional supplements bought through the internet. Seven products (all from the class of prohormones) contained other hormone substances than indicated on the labels, and two further products contained ephedrine and caffeine without a clear indication on the labels.
Doping in sport is forbidden by the Olympic Movement. It is described in the "Anti-Doping Code" from 1999 as the "use of an expedient (substance or method) which is potentially harmful to athletesʼ health and/or capable of enhancing their performance, or the presence in the athleteʼs body of a Prohibited Substance or evidence of the use thereof or evidence of the use of a Prohibited Method" (7) . For that reason, athletes are fully responsible for any positive doping sample, and they have to prove their innocence. This can pose problems for the athletes, because they have to be sure that all the medications or food supplements are free of doping substances. A clear and correct labeling, and strict quality control is therefore a prerequisite. Many countries require a registration by the government, not only for medicines but also for nutritional supplements. In recent years, websites offering all sorts of supplements or medicines have increased tremendously. Customers can buy and import them with no difficulty, but receive no guarantee about the content or quality of the products.
Discussions in sport circles about the use of so called prohormones, mostly precursors of testosterone and therefore promoted as undetectable testosterone boosters, led the medical commission of the International Olympic Committee to ban the use of this type of substance in Olympic sports. Although the effects of these prohormones are controversial (1, 4, 9) , they are promoted quite aggressively on several websites and are obviously frequently used in professional and amateur sports. Rumors go so far as to claim that, in the process of producing nutritional supplements, intentional or accidental contamination with prohormones occurs and that several doping cases could thus be explained with it. For instance, this argument is now widely used by athletes who test positive for nandrolone.
Sanctioning sports federations deal differently with this problem. For example, one German athlete (a young female javelin-thrower) was not banned because she claimed to have taken only allowed nutritional supplements. Another German athlete (an Olympic gold medal winning wrestler), however, was banned by the IOC for nandrolone doping in spite of his claims to have used only allowed supplements. Independently, several accredited doping control laboratories in Switzerland, the U.S., and Germany started to study the content of over-the-counter food supplements. Preliminary findings of three supplements by the doping control laboratory in Cologne showed that positive doping cases could arise from poorly labeled supplements (5) . Only recently, a study by the same researchers has revealed that ingestion of these contaminated products indeed gave positive results in urine samples (6) .
To address the larger question of nutritional supplement contamination, we analyzed 75 products (69 from the U.S., 6 from Switzerland; see Table 1 ) used in sports supplementation and produced by different manufacturers. Most were purchased through the Internet; others were purchased directly from distributors in Switzerland. We know from interviews with supplement users that U.S.-based websites are often selected because they are attractive and informative.
The aim of our study was to determine if the products contained anabolic steroids or stimulants not listed, or poorly described, on the product labels.
Preparation of Samples
The content of one capsule (or equivalent quantity when the formulation was a powder) was homogenized and mixed with 10 ml of methanol. This mixture was then sonicated in an ultrasonic bath for 15 min then shaken for 30 min. After centrifugation (2,500 rpm for 5 min), the supernatant was diluted with methanol in order to obtain a concentration of approximately 1 mg/ml of the announced active compound. This solution was then stored at -20 °C before analysis.
Analyses of Prohormones
To 5 g of the above stock solution were added 10 g of methyltestosterone as an internal standard. The mixture was evaporated, and the dried residue was resuspended in 50 L of methanol. We then injected 1 L in a GC-MS system (Hewlett-Packard 5989, "Engine") in a scan mode. A macro programation allowed the rapid detection of all forbidden anabolic steroids from the IOC list (8) .
Analysis of Stimulants
A rapid screening with immunoassays (test Emit dau TM , amphetamines polyclonal, reacting to ephedrines) was performed. For this test, 1 ml of the stock solution was evaporated to dryness, and the residue was resuspended in 400 L of drug-free urine before analysis.
An extra analysis was performed by gas chromatography (GC). For this test, 1 ml of the stock solution was evaporated to dryness, and the residue was resuspended in 1 ml of tert-butylmethylether (TBME) containing diphenylamine as an internal standard. We then injected 1 L of this solution in a GC equipped with a nitrogen-phosphorus detector (NPD). Any positive signal was then confirmed with a similar analysis using a mass spectrometer as detector (GC-MS).
Main Findings
1. In 7 out of 17 prohormones, we found different substances than indicated on the labels. This corresponds to 41% of the products in this class of supplements and 9% of all analyzed supplements! 2. In two other products ("mental enhancers"), we found caffeine and ephedrine. Both compounds were either not or not clearly declared on the labels (e.g., declaration of the plant Ma Huang that contains ephedrine). The concentration of ephedrine in product 56 is so high that an athlete would test positive for doping if only one capsule was consumed just before competition.
3. All the other products contained no anabolic steroids or forbidden stimulants. Thus we could not demonstrate a possible contamination of these products with prohormones.
With this first study on a wide variety of easily available supplements promoted for the use in sports, we could show that athletes risk testing positive for doping in Olympic sports. Our findings are in agreement with those of the German (5, 6) and U.S. doping control laboratories (2). These researchers looked at a limited range of products and made excretion studies with the contaminated products to prove positive doping substances in urine samples. One group (2) could even show that contamination of a pure product of androstenedione with about 0.02% of nandrolone (which is less than the level of contamination of 0.1% accepted by the Food and Drug Administration for pharmaceuticals) led to positive urine samples after ingestion. It is interesting that we found testosterone that was not indicated on the label in several products. It is unclear whether this is due to a decomposition during storage (e.g., oxidation of androstenediol) or due to the fact that most steroids are synthesized from plant precursors, and therefore testosterone could be a byproduct of this process (2) .
In light of these recent findings, the IOC in 1999 wisely chose to ban the use of all so-called pro-hormones from Olympic sports. The research in this field even led to a recommendation by the European sports ministers for a stricter labeling of nutritional supplements (3).
Athletes should be made aware of these possible problems. In recent years, we observed a significant increase in the use of all sorts of supplements. Some athletes use more than 20 different products on a daily basis when preparing for competition. Hopefully these recent findings will lead to a reconsideration of the use of nutritional supplements and a thorough discussion of the science versus hype behind supplementation. For this reason, the Swiss anti-doping committee warned Swiss athletes not to use nutritional supplements purchased through the Internet, from unknown sources, or from unknown advisors. We advise our athletes to use only supplements that are registered in Switzerland (and even these supplements may not be entirely free of contaminates). In light of the easy availability of medicines and nutritional supplements through the Internet, we should strive to inform and educate users (especially adolescents) about nutrition supplements, and support international standards for accurate product labeling. 
